A total of 22 strains of a yellow-pigmented bacterium which I designated YB, which were isolated from leaves of various plants, were compared with the type strains of Curtobacterium citreum, Curtobacterium albidum, Curtobacterium luteum, and Curtobacterium pusillum and six strains of Curtobacterium jlaccumfaciens, a pathogen of soybeans and garden beans. These species comprise the genus Curtobacterium. YB was nonpathogenic when it was inoculated onto leaves of soybeans and garden beans and produced p-carotene, as did both C. citreum and C . luteum. These species and YB were all originally isolated from plants. YB could be distinguished from all previously described species of the genus Curtobacterium on the basis of more rapid production of acid from maltose and xylose, more rapid hydrolysis of gelatin, susceptibility to bacteriophage PYB-3 infection, inability to hydrolyze hippurate, growth in the presence of 10% sodium chloride, and higher deoxyribonucleic acid guanine-plus-cytosine content. Because the YB strains represent a new center of variation in the genus Curtobacterium, a new species, Curtobacterium plantarum, is proposed. This bacterium was isolated from leaves of three soybean cultivars at weekly intervals. Mean populations, expressed in colony-forming units (CFU) per gram of leaf tissue, increased gradually over the season from 28 CFU/g at 5 weeks after planting to 158 CFU/g at plant maturity. The bacterium was also isolated from leaves of 10 soybean cultivars and 10 corn inbred lines in each of 3 years, from leaves in one soybean field and one corn field in each of 25 Iowa counties, and from leaves of each of 100 soybean plants from one field and 100 corn plants from one field. Over a 2-year period, it was isolated from all 200 plant species sampled. The samples represented 62 plant families and included trees (both broad leaved, and conifers), shrubs, annuals, and perennials. The bacterium was isolated from field-grown immature and mature soybean seeds and from leaves of soybean and corn seedlings grown in a microbe-free environment from seeds treated to eliminate external microorganisms. I concluded that C. plantarum sp. nov. is seed transmitted in soybeans and corn and is ubiquitous in the leaves of plants.
MATERIALS AND METHODS
Bacterial strains and media. Of the 22 YB strains studied, 12 were isolated from leaves of various soybean cultivars, and the remaining 10 were isolated from leaves of sweet clover, tomato, pea, bell pepper, wheat, barley, corn, sorghum, oats, and alfalfa. The following type strains of Curtobacterium species were also studied: Curtobacterium citreum (Komagata and Iizuka) Yamada and Komagata strain ATCC 15828 (American Type Culture Collection, Rockville, Md.), Curtobacterium albidum (Komagata and Iizuka) Yamada and Komagata strain ATTC 15831, Curtobacterium luteum (Komagata and Iizuka) Yamada and Komagata strain ATTC 15830, and Curtobacterium pusillurn (Iizuka and Komagata) Yamada and Komagata strain ATTC 19096. The C. Jlaccumfaciens pv. flaccumfaciens isolates studied were strains ATTC 6887 and ATTC 7392, as well as strains CF-1, CF-2, CF-3, and CF-4, which were pathogenic isolates from soybeans.
Cultures of all strains were maintained at 26°C on tryptic soy agar (Difco Laboratories, Detroit, Mich.) and were stored either in the freeze-dried condition or frozen in tryptic soy broth (Difco) at -30°C. All biochemical tests were repeated at least once with fresh cultures from either freezedried or frozen stocks. The media of Komagata and Suzuki (19) were used for determining assimilation of organic acids and production of acid from carbohydrates and related carbon sources. The following media were used to test for production of p-carotene by YB isolates: tryptic soy agar, standard methods agar (BBL Microbiology Systems, Cockeysville, Md.), nutrient agar (Difco), heart infusion agar (Difco), tomato juice agar (Difco), sabouraud dextrose agar (BBL), micro assay culture agar (Difco), potato dextrose agar (Difco), nutrient broth-yeast extract agar (34) , and nutrient dextrose agar (nutrient agar containing 2.5 g of dextrose per liter). Tryptic soy broth and nutrient broth also were tested. General methods. Tests for the production of acid from carbohydrates and related carbon sources and the assimilation of acids were done by using previously described methods (19) . Gelatin hydrolysis was tested by using a charcoal-gelatin disk in 10 ml of nutrient broth in a test tube (13) . Results were read visually 21 days after broth inoculation. This method is more sensitive and easier to read than the method in which broth supplemented with 12% gelatin is used (13) . The method used for casein hydrolysis has been described previously (13) . Results were recorded 21 days after the plates were streaked. For determining the hydrolysis of indoxylacetate, esculin, and hippurate and the production of P-glucosidase, p-galactosidase, arginine aminopeptidase, leucine aminopeptidase, serine aminopeptidase, pyroglutamic acid arylamidase, phosphatase, and N-acetylglucosaminidase, previously described methods were used (12, 18, 21) , utilizing the API 205 System (API Analytab Products, Plainview, N.Y .) and following the instructions of the manufacturer. After inoculation, test strips were incubated at 30°C for 12 h before results were recorded. Urease production was determined by using Pathotec urease test strips (General Diagnostics, Div. Warner-Lambert Co., Morris Plains, N.J.) (15) and following the instructions of the manufacturer. Production of catalase was determined by a method described previously (13) .
Production of deoxyribonuclease (DNase) was determined by a method in which toluidine blue is used as the deoxyribonucleic acid (DNA) stain (13) . The presence of carotenoid pigments was determined by applying sulfuric acid to cells. A positive test was indicated by a blue color (31) . If the carotenoid pigment test was positive, test bacteria were grown for 5 days on tryptic soy agar. Cells were washed from the plate with methanol and suspended in 10 ml of methanol for 30 min. Cells were removed by centrifugation, and the supernatant was added to a cuvette for spectrophotometric analysis. A p-carotene (Sigma Chemical Co., St. Louis, Mo.) standard was used for comparison with the bacterial product and consisted of a few crystals of pcarotene dissolved in 10 ml of methanol. p-Carotene in methanol gives an absorbance maximum at 447 nm (14) .
The tests for cell growth in the presence of 5 and 10% sodium chloride in tryptic soy broth at 30°C were read for turbidity 2 weeks after inoculation. Motility was determined by inoculating motility medium (13) with a straight needle to one-half the depth of the medium in a tube and incubating the preparation at 30°C. Motility was indicated by diffuse turbidity in the surrounding medium at 1, 2, and 3 days after inoculation. Growth at 37°C was determined in tryptic soy broth and was read for turbidity at 1, 2, and 3 days after inoculation. Bacteriophage PYB-3 was isolated from soybean leaves by using the methods of Echandi and Sun (10) . Tests for infection of bacterial strains by PYB-3 were conducted by using tryptic soy agar plates that received 0.1 ml of an overnight tryptic soy broth culture of the test strain and 0.1 ml of a phage PYB-3 preparation having a concentration of 10' plaque-forming units per ml of water. The phage and test organism were spread uniformly over the agar surface with a bent glass rod and incubated overnight at room temperature, and the plates were examined the next morning for zones of bacterial lysis.
Colony color and morphology were determined on nutrient broth-yeast extract agar (34) 3 days after inoculation, and colony size was measured as the mean diameter of four replicate colonies (one colony per plate of nutrient dextrose agar) 3 days after inoculation.
The guanine-plus-cytosine content of purified DNA, prepared by the method of Marmur (24) , was calculated from the thermal denaturation temperature (25) by using the equation of DeLey (6); it was based on the mean of six determinations in which DNA from the type strain (strain CL63) was used. The cell wall peptidoglycan type was determined by the method of Schleifer and Kandler (30) .
Gram staining (Huckers method), acid-fast staining (ZiehlNeelsen method), and flagellum staining (Leifson method) were performed as described previously (13) . Oxygen requirements were determined by streaking cultures onto tryptic soy agar and incubating them for 21 days in a GasPak system (BBL) with the following atmospheres: 5% CO, in air, 5% CO, with 0, replaced with H,, and without a modified atmosphere.
Plant methods. Plant tissues (leaves, pods, seeds) were always handled with sterile latex gloves. Bacteria were isolated from 5-g samples of plant tissue. Petioles were removed from soybean leaves, and midribs were removed from corn leaves before they were weighed. Leaf tissues were rinsed consecutively in four 1-liter beakers containing 700 ml of sterile water before being blended with 40 ml of sterile grinding medium in a sterile microblender (capacity, 100 ml). The grinding medium was prepared by adding the following ingredients to 1 liter of water: HEPES buffer (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 16 .92 g; sorbitol, 60.13 g; manganese chloride, 0.13 g; magnesium chloride, 0.10 g; and ethylenediaminetetraacetate, 0.76 g. The final pH after autoclaving was 7.2 (adjusted if necessary). After blending, the leaf homogenate was filtered through four pieces of sterile cheesecloth, and the filtrate was centrifuged at 300 x g for 1.5 min to remove cellular debris. The supernatant was retained and centrifuged at 755 x g for 7 min. The supernatant was discarded, and the pellet was suspended in 25 ml of sterile grinding medium and centrifuged at 300 X g for 1.5 min. The supernatant was retained and centrifuged at 1,200 X g for 7 min. The pellet was retained and suspended in 5 ml of grinding medium for use in a dilution series to determine bacterial populations on tryptic soy agar. The final pellet contained a mixture of chloroplasts and bacteria.
Plants in one soybean field and one corn field in each of the following 25 counties in northwestern Iowa were sampled for the presence of YB: Boone, Buena Vista, Calhoun, Carroll, Cherokee, Clay, Crawford, Dickinson, Emmet, Greene, Hamilton, Humboldt, Ida, Kossuth, Lyon, Monona, O'Brien, Osceola, Palo Alto, Plymouth, Pocahontas, Woodbury, Sac, Sioux, and Webster. The sample from each field consisted of 1 g of leaf tissue from each of five plants combined in a single sterile bag. Samples were transported in an ice chest to the laboratory, where isolations were made as described above. In another test, 100 plants from a soybean field and 100 plants from a corn field in central Iowa were sampled to determine the presence of YB. Handling of samples was similar, except that samples from single plants were placed in separate bags.
Soybean and garden bean plants inoculated separately with six strains of YB and six strains of C.Jiaccumfuciens pv. Jiaccumfizciens were compared for disease symptoms. Each strain tested was inoculated onto 10 soybean and 10 garden bean plants (one plant per pot). The plants were grown in autoclaved pots of soil in a greenhouse maintained at 25 to 30°C. Inoculum preparation, the inoculation procedure, and disease symptoms have been described previously (7); 10 soybean and 10 garden bean control plants were inoculated with sterile distilled water. The number of plants infected by each strain was recorded 2 weeks after inoculation.
Plants were grown in rows 4 m long and 1 m wide in all field studies. Each plot consisted of three rows; the center row was sampled for the particular tissue being assayed. Each plot of each cultivar in each test was replicated three times.
For the studies of bacterial populations in soybean leaves and seed tissue, the cultivars Coles (early), Corsoy (midseason), and Williams (late) were used. For the leaf study, one leaf per plant from near the plant apex composed the 5-g leaf samples that were obtained weekly from week 5 of plant growth until the leaves yellowed before plant maturity. For the seed tissue study, one pod per plant was removed from the upper one-third of the stem to obtain pod samples weekly, starting at week 10 of plant growth until plant maturity, when the pods were brown and dry. Pod samples were taken immediately to the laboratory and rinsed four times in sterile water. Pods were opened under sterile conditions in a laminar-flow hood. An opening along the pod suture was made with a scalpel, and the seed tissue was removed with forceps and placed in a sterile, covered beaker. The seed was then treated with sodium hypochlorite, as described below. A 5-g portion of tissue was used per sample, and from this point, the samples were prepared as described above for leaves.
For the study of bacterial seed transmission in corn and soybeans, the seeds were placed in a 0.5% sodium hypochlorite solution for 15 min, removed, and rinsed six times with sterile water. After rinsing, 10 seeds from each seed lot being tested were assayed for the presence of external bacteria by rolling a single seed across a tryptic soy agar plate. Sodium hypochlorite-treated seeds were sown in sterile sand in sterile, microbe-free plant growth chambers (8) . A total of 10 plants of each of the four soybean cultivars (Clark 63, Corsoy, Woodworth, and Williams) or four corn inbred lines (W153R, B82Y, B73, and W64A) being tested were grown separately in individual chambers. Each cultivar or inbred line was replicated four times. Controls consisted of 5 g of autoclaved soybean leaves or autoclaved corn leaves that were placed on sand surfaces in chambers and were treated exactly as the fresh leaves were. The sterile nutrient solution used for plant growth has been described previously (17) . Plants were grown at 25 5 3°C with 30,000 lux of light for 6 weeks before the leaves were assayed for bacteria.
Leaves from 200 species of plants were tested for the presence of YB during 1983 and 1984. Isolations were made from May through September each year, and plants were sampled from a wide selection of locations. Isolates were identified by using the following tests: Gram stain, cell size, motility, growth at 3 7 T , and colony morphology and color on nutrient broth-yeast extract medium; assimilation of citric and malic acids; production of P-galactosidase, urease, p-carotene, and DNase; and production of acid from glucose, xylose, trehalose, maltose, arabinose, sorbitol, and inositol.
RESULTS
Isolations from soybean leaves. The mean populations of YB isolated from the leaves of soybean cultivar Coles were slightly higher throughout the growing season than the populations isolated from cultivars Corsoy and Williams ( Fig. 1) . Based on the least significant difference at a confidence level of 0.01, the data for cultivars Corsoy and Williams were not significantly different at 5 , 10, and 15 weeks of plant growth, but the data for cultivar Coles were significantly different from data for cultivars Corsoy and Williams at these times. The number of colony-forming units (CFU) per gram of leaf tissue was low after 5 weeks of plant growth, when sampling began, and increased slowly up to 10 weeks of growth, after which it increased more rapidly. The mean populations of YB for all cultivars were 28 CFU/g of leaf tissue at 5 weeks, 41 CFU/g at 10 weeks, and 117 CFU/g at 15 weeks. The final mean populations of YB recorded near plant maturity were 154 CFUlg of leaf tissue for cultivar Coles, 156 CFU/g for cultivar Corsoy, and 158 CFU/g for cultivar Williams.
Pathogenicity test. Six YB isolates from soybean cultivars were nonpathogenic when they were inoculated onto leaves of both soybean and garden bean plants. In contrast, all six isolates of C. flaccumfaciens pv. Jluccumfuciens, an established pathogen of both beans and soybeans, were pathogenic. None of the soybean or bean control plants was infected. Results of this test established that populations of YB associated with leaves of soybean plants were not the result of disease.
Biochemical characteristics. The biochemical characteristics of 22 strains of YB were compared with those of type strains of other Curtobacterium species. Acid was produced from maltose by 90% or more of the YB strains. C. luteum produced no acid from maltose, and the other species produced acid only weakly (Table 1) . Similarly, YB isolates readily produced acid from xylose, and all of the previously described Curtobacterii4m species produced acid only weakly. None of the isolates tested produced acid from sorbose, sucrose, lactose, trehalose, raffinose, glycerol, or sorbitol.
Assimilation of acids was not a useful character for distinguishing YB isolates from previously described Curtobacterium species. All of the isolates tested assimilated acetic, pyruvic, succinic, and glycolic acids, and all assimilated arginine.
All of the previously described Curtobacterium species hydrolyzed hippurate, but none of the YB isolates did. All of the YB isolates hydrolyzed gelatin. as did all of the previously described Curtobacterium species except C . pusillum, but there was a difference among isolates in the rate of VOL. 39, 1989 CURTOBACTERIUM PLANTARUM SP. NOV. 243 ' Data for C. jkzcrumfuciens pv. jlncciimfaciens ATTC 7392.
Data for the type strain only.
hydrolysis (Table 2 ). All YB isolates completed hydrolysis within 3 days, whereas C. Jlaccurnfaciens required 14 days, C. albidurn required 17 days, and C. citriurn required 21 days. Hydrolysis by C. luteurn was weak at 21 days. All of the isolates tested hydrolyzed indoxylacetate. p-Glucosidase, arginine aminopeptidase, serine aminopeptidase, and DNase were produced by all of the previously described Curtobacterium species and by 11 to 89% of the YB isolates ( Table 1 ). The same was true of leucine aminopeptidase, except that C. albidurn did not produce this enzyme. The C. Jlaccurnfaciens isolates did not produce phosphatase, and C. albidurn and C. pusillurn did not produce N-acetylglucosaminidase. Only C. luteurn and the YB isolates produced pyroglutamic acid arylamidase. None of the isolates produced urease.
All of the isolates grew in the presence of 5% sodium chloride, but only the YB isolates grew in the presence of 10% sodium chloride ( Table 1 ). The cells of all isolates were motile at 30°C with lateral flagellation. All isolates grew at 37"C, but some (C. citreurn, C. albidurn, and C. luteurn) grew weakly. None of the previously described Curtobacteriurn species was infected by phage PYB-3, but all of the YB isolates were infected and formed plaques on lawns of the YB host isolates. The cell wall peptidoglycan was based on (30) . Morphology and cultural characteristics. C. albidum and C. pusillurn were the only organisms tested which produced white colonies; all of the other organisms produced yellow colonies. Colonies grown on nutrient dextrose agar ranged in diameter from 2 mm (C. luteurn) to 12 mm (C. albidurn). The colonies of the YB isolates (7 mm) were most similar in diameter, color, and colony morphology to the colonies of C. citreurn (6 mm). There was considerable variation in mean colony diameter among the YB isolates (range, 4 to 16 mm). There was also slight variation in the yellow color of these colonies. With the exception of C. alhidurn and C. pusillurn, all of the isolates gave a positive test for carotenoid pigments. C. citreurn and C. luteurn produced p-carotene (data not previously reported), as did all YB isolates (Fig. 2) . The only known specific location of p-carotene in green plants is in the grana of chloroplasts, where it plays a functional role in photosynthesis (14) . All isolates of YB produced pcarotene on tryptic soy agar.
D-ornithine (type B~~~; [ L -H s~] -D -G~u -D -O~~)
Seed transmission in soybeans and corn. YB was isolated from leaves of both soybean and corn plants grown in sterile environmental chambers. The seeds from which these plants developed had been treated to eliminate exterior microorganisms. The mean numbers of YB isolated from leaves of soybean cultivars were as follows: Clark 63, 36 X lo2 CFU/g of fresh leaf tissue; Corsoy, 14 X lo2 CFU/g; Woodworth, 37 x lo2 CFU/g; and Williams, 23 X 102 CFU/g. The mean numbers of YB isolated from leaves of corn inbred lines were as follows: W153R, 37 x lo2 CFU/g of fresh leaf tissue; B82Y, 45 x lo2 CFU/g; B73,61 X lo2 CFU/g; and W64A, 42
x lo2 CFU/g. The mean numbers of YB for the four soybean cultivars tested and for the four corn inbred lines tested were 28 x lo2 and 46 x lo2 CFU/g of fresh leaf tissue, respectively. Controls consisted of 5 g of autoclaved soybean or corn leaves placed on sand surfaces in chambers. No bacteria were isolated from soybean or corn controls. Isolates were obtained from all replicates. YB was also isolated from mature soybean seeds of five cultivars in each of 3 years (Table 3 ). The organism was not recovered from 5-g samples of mature corn seeds of five inbred lines.
Seeds of soybean cultivars Coles, Corsoy, and Williams were sampled weekly from 10 weeks after planting to maturity to determine seed-borne YB populations. In general, bacterial populations in immature soybean seeds were similar from week 10 through week 14 of plant growth (Fig. 3) . According to an analysis of variance, there was no significant interaction when I considered cultivars "among weeks," but there was a significant interaction of cultivars "within weeks" at a level of confidence of 0.05. The data for cultivar Coles were the first to peak, at 15 weeks of plant growth, when the mean number of YB reached 11 x 10' CFU/g of seed tissue, a value which differed significantly from the values for cultivars Williams (78 CFU/g) and Corsoy (79 CFU/g) at this time, based on the least significant difference at a confidence level of 0.05. The data for cultivar Corsoy peaked at 16 weeks of plant growth, when the mean number of YB reached 83 CFUlg of seed tissue, a value which did not differ significantly from the value for cultivar Williams (84 CFU/g) but did differ from the value for cultivar Coles (49 CFU/g). The data for cultivar Williams peaked at 17 weeks of plant growth, when the mean number of YB reached 12 x lo2 CFU/g of seed tissue, a value which differed significantly from the values for both cultivar Corsoy (55 CFU/g) and cultivar Coles (27 CFU/g). The populations of YB isolated from mature seeds were approximately one-tenth of the maximum populations reached before the population declines began.
Isolation from leaves of soybeans and corn. YB was isolated from leaves of 10 soybean cultivars and leaves of 10 corn All data are means of three replications.
inbred lines in each of 3 years (Table 4 ). The range was narrow for both soybeans (9 x lo2 to 86 x lo2 CFU/g of fresh leaf tissue) and corn (22 X lo2 to 109 x lo2 CFU/g of fresh leaf tissue). Because all sampling for YB up to this time had been done in central Iowa (Ames), leaf samples from one soybean field and one corn field in each of 25 counties in northwestern Iowa were collected. YB was isolated from all samples. As an indication of the sampling distances involved in this test, the northern tier of counties sampled ranged from 152 to 252 km from Ames.
A total of 100 soybean plants from one soybean field and 100 corn plants from one corn field in central Iowa were sampled to determine the frequency of occurrence of YB in a single soybean field and a single corn field. The bacterium was isolated from all soybean and all corn plants sampled.
Isolation from plant species. YB was isolated from leaves of all 200 species of plants sampled (Table 5 ). The diversity of the plants sampled is indicated by the fact that 62 plant families were represented. The bacterium was isolated from 29 grasses, 19 members of the family Compositae, 14 members of the family Leguminosae, and 11 members of the family Rosaceae. It was isolated from needles of conifers (fir, pine, and spruce), as well as from broad-leaved trees (elm, hackberry, ash, honey locust, hickory, walnut, oak, and maple). It was isolated from shrubs (honeysuckle, viburnum, rhododendron, blueberry, mock orange, and gooseberry), annuals (petunia, tomato, sweet pepper, oats, wheat, and soybean), and perennials (alfalfa, crown vetch, and chrysanthemum).
DISCUSSION
Plant-associated bacteria have been studied for many years. Libbert and co-workers reported that such bacteria are responsible for the indoleacetic acid formed from tryptophan in incubation mixtures, including plant tissue from pea seedlings and a variety of other plant tissue (22, 23) . Large populations of Bacillus subtilis have been associated with phosphorus toxicity in soybeans (9) . Bacterial DNA labeled with tritium or 14C is absorbed by the endosperm of barley seedlings and is translocated to roots, where replication occurs (20) .
There have been other reports of isolation of bacteria from healthy plant tissues. Burcik (1) was involved in such research as early as 1940. Of 200 stored potatoes sampled by Burcik, only 30 had internal tissue free of bacteria. Workers who followed Burcik took elaborate precautions to eliminate contaminants. Sanford (29), Tervet and Hollis (33), and Hollis (16) also reported bacteria in stems, stolons, and tubers of potato plants. Philipson and Blair (26) reported that Aerobucter, Bacillus, and Flavobacterium species were isolated from the interior of clover roots. Sarnish and associates (28) isolated various bacteria from internal tissues of green tomato fruits. By inoculating sepals of tomato fruits with Serratia sp. before harvest, they demonstrated that the bacterium moved into the pulp of tomato fruits within 1 to 5 weeks (27) . Such instances illustrate the occurrence of bacteria in healthy plant tissues.
The morphological and biochemical characteristics of the YB strains indicate that these bacteria are related to the curtobacteria that contain D-ornithine in their cell wall A yellow-pigmented, P-carotene-producing bacterium was isolated from leaves of all species and was identified as YB.
tic of bacteria undergoing the bending type of cell division. The DNA of YB contained 76 k 1 mol% guanine plus cytosine (as determined by the thermal denaturation method), which is slightly out of the range (68 to 75 mol%) of the five previously described species comprising the genus Curtobacterium. It is noteworthy that C. citreum, C. albidurn, C. luteum, and C. flaccumfaciens were all originally isolated from plants and that all YB isolates were also obtained from plants. YB can be distinguished from all other species of the genus on the basis of more rapid production of acid from maltose and xylose, more rapid hydrolysis of gelatin, susceptibility to bacteriophage PYB-3 infection, inability to hydrolyze hippurate, growth in the presence of 10% sodium chloride, and higher DNA guanine-plus-cytosine content. It is evident that the YB strains represent a new center of variation in the genus Curtobacterium, and a new species is proposed below. Description of Curtobacterium plantarum sp. nov. Curtobacterium plantarum (plan.ta'rum. L. fem. n. planta, a sprout; M.L. n. planta, a plant; M.L. gen. pl. n. plantarum, of plants) cells are gram-positive, non-acid-fast, non-endospore-forming, motile rods (0.3 to 0.5 by 0.6 to 3.0 pm) that become shorter to coccoid in older cultures. Colonies on nutrient broth-yeast extract agar are yellow, circular, convex, glistening, and butyrous with entire margins (diameter, 4 to 16 mm). All strains are obligate aerobes. Optimal growth occurs between 28 and 30°C. All strains produce acid from oxidative fermentation of xylose, rhamnose, glucose, fructose, mannose, galactose, maltose, and inositol; acid is not produced from sorbose, sucrose, lactose, trehalose, cellobiose, raffinose, glycerol, erythritol, or sorbitol. Acetic, pyruvic, lactic, succinic, a-ketoglutaric, propionic, glycolic, glyoxylic, and gluconic acids are assimilated. Indoxylacetate and gelatin are hydrolyzed, but casein and hippurate are not. Pyroglutamic acid arylamidase, phosphatase, N-acetylglucosaminidase, DNase, and p-carotene are produced; urease is not produced. Growth occurs in the presence of 10% sodium chloride, and cells of all strains are susceptible to infection by bacteriophage PBY-3. The DNA base composition is 76 ? 1 mol% guanine plus cytosine.
The type strain is strain CL63 (= ATCC 49174). The description above is based on 22 strains that are virtually indistinguishable; thus, the species description is also the type strain description.
The name C. plantarum does not occur on the Approved Lists of Bacterial Names (32) and was not published between 1980 and 1988.
